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Supplemental Experimental Procedures
Knockout Mice Cry1 +/-mice (B6.129P2-Cry1 tm1Asn /J, stock # 016186) and Cry2 +/-mice (B6.129P2-Cry2 tm1Asn /J, stock# 016185) were purchased from Jackson Laboratory. Genotyping to detect the mutated Cry1 and Cry2 alleles was performed by PCR using the primers described on the web site of Jackson Laboratory. Age-matched littermate wild type (WT) mice were used as controls. Mice were housed in a specific pathogen free (SPF) environment and were monitored by the Research Animal Resources (RAR) staff of the University of Minnesota. Mice were provided access to drinking water and standard chow ad libitum under a 14 hr-light and 10 hr-dark cycles except for the 12 hr-light and 12 hr-dark experiments to isolate TA muscles described below. Mice were euthanized by CO2 inhalation or KCl injection after anesthesia with 2-4% isoflurane (Phoenix). These methods are consistent with the recommendations of the Panel of Euthanasia of the American Veterinary Medical Association.
Culture of C2C12 cells
Mouse myoblast C2C12 cells were purchased from American Type Culture Collection (ATCC, CRL-1772) and maintained with 10% FBS in DMEM in an incubator at 37°C with 5% CO2. Differentiation was induced as follows. On day -2, cells were seeded at 1x10 5 cells/well in a 12-well plate. On day 0 the wells became confluent. The cells were rinsed twice with phosphate buffered saline (PBS) and cultured with 1% insulin-transferrin-selenium (ITS) in DMEM. Medium was changed with fresh DMEM with ITS every two days.
Synchronization of Circadian Rhythms of Undifferentiated and Proliferating C2C12 Cells C2C12 cells were seeded at 8x10
4 cells/well in a 12-well plate in 10% FBS in DMEM on day -1. On day 1, 10 M forskolin was added between -1 and 0 hrs. Cells were washed with PBS twice and fresh 10% FBS in DMEM was added at 0 hr. Cells were harvested for qRT-PCR or fixed with 4% formaldehyde for immunofluorescence staining every 4 hrs for 44 hrs. In addition, cells were pulse-labelled with 0.5 M EdU (5-ethynyl-2'-deoxyuruidine) with a Click-iT EdU Alexa Fluor 448 imaging kit (Invitrogen, C10337) for 30 min before each 4 hr time point.
Synchronization of Circadian Rhythms of Differentiating C2C12 Cells

C2C12 cells were seeded at 1x10
5 cells/well in a 12-well plate in 10% FBS in DMEM on day -2. On day 0, forskolin was added between -1 and 0 hrs. Cells were washed with PBS twice and then differentiation was started with 5% horse serum (HS) in DMEM at 0 hr. Synchronization was maintained better with HS than with ITS. Cells were harvested for qRT-PCR, fixed for immunofluorescence staining, or treated with EdU as described above every 4 hrs for 120 hrs. Only a half of medium was replaced at 60 hr to preserve circadian rhythms.
MTS Cell Proliferation Assay C2C12 cells were seeded at 1x10
3 cells/well in a 96-well plate. On the day of measurement, 20 l of MTS solution (Promega, CellTiter 96 Aqueous One Solution Cell Proliferation Assay, G3581) was added to 100 l of culture in each well. After incubation for 2 hr at 37°C, absorbance at 492 nm was measured with an LD400 spectrophotometer (Beckman Coulter). The value obtained from blank wells without cells were subtracted from the absorbance values. Average + SD was obtained from three independent experiments.
Circadian Gene Expression in TA Muscles
WT, Cry1
-/-, and Cry2 -/-male mice aged 8-12 weeks old were entrained at 12hr-light and 12hr-dark cycles (6:00-18:00 light and 18:00-6:00 dark) for two weeks before experiments. This means that Zeitgeber Time 0 (ZT0) corresponds to 6:00 and ZT12, 18:00. TA muscles were isolated every 4 hr starting at ZT2. Total RNA was isolated with a Direct-zol RNA MiniPrep with TRI-Reagent (Zymo Research, R2015). qRT-PCR was performed as described above with two TA muscles each.
Muscle Injury
Male mice of 6-8 weeks old were anesthetized using 2-4% isoflurane. We injected 50 l 1.2% BaCl2 in 0.9% NaCl into the left TA muscle of four WT, Cry1 -/-, and Cry2 -/-mice each between ZT4 and ZT8 when Cry1 and Cry2 mRNA levels were low. This was because peak timing of these mRNA levels was different among WT, Cry1 -/-, and Cry2 -/-mice ( Fig. 4C) , leaving the lower timing more consistent. Mice were euthanized 3, 4, 5, and 7 days post injection and the TA muscle was extracted between ZT4 and ZT8. Cryosections with a thickness of 10m were prepared for immunofluorescence, Hematoxylin Eosin (HE), and Sirius red staining.
Preparation of Primary Myoblasts
Satellite cell-derived primary myoblasts were obtained from adult hind limb muscle of 2-month-old WT, Cry1 -/-, and Cry2 -/-mice as described previously (Motohashi et al., 2014) . Briefly, muscles were minced and digested with collagenase type 2 (Worthington, CLS-2) to obtain dissociated muscle cells. Satellite cells were then purified with MS columns (Miltenyi Biotec, and LD columns (Miltenyi Biotec, ) by negative selection with antibodies against CD31-PE (eBioscience, 12-0311), CD45-PE (eBioscience, 12-0451), and Sca1-PE (eBioscience, 12-5981), followed by anti-PE MicroBeads (Miltenyi Biotec, . This was followed by positive selection with an antibody against biotin-conjugated integrin 7-biotin (Miltenyi Biotec, ) and anti-biotin MicroBeads (Miltenyi Biotec, . Isolated satellite cells were cultured on dishes coated with rat tail collagen (BD Biosciences, 354236) in myoblast growth medium consisting of HAM's F-10 medium with 20% fetal bovine serum (FBS), 10 ng/ml basic fibroblast growth factor (bFGF) (Invitrogen, PHG0263), penicillin (100 U/ml), and streptomycin (100 mg/ml) at 37°C with 5% CO2. Low-passage satellite cell-derived primary myoblasts (typically less than eight passages) were used for immunostaining. Differentiation medium (Dulbecco's Modified Eagle Medium (DMEM) supplemented with 5% HS, penicillin, and streptomycin) was used for myogenic differentiation.
Gene Knockdown
293FT cells (Invitrogen, R70007) were seeded at 3x10 5 cells/well in a 12-well plate with 10% FBS in DMEM on day 1. Cells were transfected with a 0.5 g pLKO.1 vector encoding an shRNA sequence (GE Life Science, Table S1 ) along with 0.2 g each of pCMV-VSV-G (Addgene, 8454), pRSV-Rev (Addgene, 12253), and pMDLg/pRRE (Addgene, 12251) with 2.75 l Lipofectamine 2000 (Invitrogen, 11668019) on day 2. Culture medium was replaced with fresh DMEM with 10% FBS 5 hr later. On day 5 the medium containing lentivirus was harvested and filtered through a 0.45 m syringe filter. C2C12 cells that had been seeded in 12-well plates on day 4 were transduced with 400 l of the virus suspension with 0.8 g/ml polybrene (Sigma, H9268) and 400 l DMEM with 10% FBS. Culture medium was replaced with fresh DMEM with 10% FBS on day 6. Virus-integrated cells were selected with 1 g/ml puromycin dihydrochloride (MB Bio, 100552) between days 7 and 14. The proliferated cells were frozen in liquid nitrogen or used in differentiation studies.
Gene Subcloning
The FUW-tetO-hOCT4 (FUW) vector used was obtained from Addgene (20726). The zeocin resistance gene was replaced with a puromycin resistance gene. The FUW vector was further modified with the removal of the hOCT4 sequence. Additionally, an adaptor with the restriction sites PacI, EcoRI, and BamHI was subcloned into the EcoRI site of FUW. The Flag x3-Linker sequence shown below were obtained from GeneArt (Invitrogen) and amplified from their pcDNA3 vector and subcloned into FUW. Flag x3-Linker GAATTCATGGACTACAAGGACGACGACGACAAGGATTACAAGGATGATGATGATAAGGACTATAAGG ACGATGATGACAAAGGCGGCGGAGGCAGCGGATCCCTCGAG The Tmem176b gene were amplified from cDNA prepared from C2C12 cells and inserted into the BamHI site at the 3' side of the linker in the FUW-Flag x3-Linker vector using the Gibson method.
Gene Overexpression
The FUW-tetO-FLAG-Tmem176b vector was transfected into 293FT cells to prepare lentivirus as described above. The FUW vector and FUW-M2rtTA (Addgene 20342) were used at 0.25 g each in place of the pLKO.1 vector. Tetracyclin-free FBS was used to prevent premature induction of the transgenes. C2C12 cells were transduced as described above to establish cell lines. The transgenes were induced with 2 g/ml doxycycline for four days before use for immunofluorescence staining and immunoprecipitation.
Actinomycin D Treatment
Cells were treated with 5 g/ml actinomycin D (Sigma-Aldrich, A1410) for 17 hr to arrest transcription to study the stability of mRNA. Ctla2a was used as control mRNA due to its long half-life (687 min) in C2C12 cells (Lee et al., 2010) .
Immunofluorescence Staining of C2C12 Cells
Transduced C2C12 cells were fixed with 4% paraformaldehyde for 15 min on day 3 and 5 during differentiation and permeabilized with 0.5% Triton X-100 in PBS for 5 min. Cells were then incubated with the antibody against myosin heavy chain (MHC, Developmental Studies Hybridoma Bank, MF20, 1:200 dilution) and the secondary antibody Alexa Fluor 488 goat anti-mouse IgG (H+L) (Thermo Fisher Scientific, A11029, 1:200 dilution) for 1 hr each at 25°C. DNA was counterstained with 5 gml Hoechst 33342 (Sigma, B2261). Fluorescence signal was captured with a LUCPlanFLN 20x objective lens (Olympus) with 0.45 Ph1 aperture and a C11440-42U digital camera (Hamamatsu) attached to an IX73P2F microscope (Olympus). Adobe Photoshop CS6 was used for image processing. Differentiation index was defined as a percentage of nuclei (Hoechst-stained structure) existing within MHC(+) cells among 1,000 nuclei in total. Fusion index is a percentage of nuclei located in MHC(+) cells that contained two or more nuclei in each cell among the same 1,000 nuclei. <3 nuclei index is a percentage of nuclei that were located in MHC(+) cells containing one or two nuclei among all MHC(+) cell nuclei.
Immunofluorescence Staining of Primary Myoblasts
Cells were fixed with 2% formaldehyde and were blocked with 1% bovine serum albumin in PBS. Cells were then stained with anti-MyoD (Santa Cruz Biotechnology, sc-760, 1:200 dilution) and anti-MHC antibodies. After staining, they were incubated with the secondary antibodies Alexa Fluor 488 donkey anti-mouse IgG (Thermo Fisher Scientific, A21202, 1:200 dilution) and Alexa Fluor 594 donkey anti-rabbit IgG (Thermo Fisher Scientific, A21207, 1:200 dilution). DNA were counterstained with 4',6'-diamidine-2'-phenylindole dihydrochloride (DAPI, 10236276001).
Single Muscle Fiber Culture and Immunostaining
Single muscle fibers were isolated by 0.2% collagenase type I digestion (Sigma-Aldrich, C0130) of extensor digitorum longus muscles for 90 min at 37 ºC. Isolated single muscle fibers were transferred and cultured on 5% HS-coated tissue culture dishes with DMEM supplemented with 10% HS and 1% chicken embryo extract (MP Biomedicals, 092850145) for 72 hr. Single muscle fibers were fixed with 2% paraformaldehyde in PBS for 20 min, permeabilized with 0.2% Triton X-100 in PBS for 10 min, and blocked with 10% bovine serum albumin in PBS for 30 min. The fibers were stained with primary antibodies (anti-Pax7, Developmental Studies Hybridoma Bank, 1:5 and anti-MyoD, Santa Cruz Biotechnology, sc-304, 1:500) and secondary antibodies (Alexa Fluor 488 donkey anti-rabbit IgG (H+L), Thermo Fisher Scientific, A21206, 1:500 and Alexa Fluor 568 donkey anti-mouse IgG (H+L), Thermo Fisher Scientific, A10037, 1:500). Nuclei were counterstained with DAPI.
Staining of EdU Uptake
EdU uptake was assessed by pulse labeling C2C12 cells with 0.5 M EdU for 30 min, followed by fixation with 4% formaldehyde and detection with a Click-iT EdU Alexa Fluor 448 imaging kit following the instructions provided by the manufacturer. Frequency of EdU uptake was calculated by observing 1,000 nuclei.
Western Blotting
Protein transferred to an Immobilon P membrane (Millipore Sigma, IPVH00010) was detected with primary antibodies against FLAG (Sigma, 
Quantitative RT-PCR (qRT-PCR)
RNA was isolated from cells with a Quick-RNA MiniPrep kit (Zymo Research, R1055). cDNA was synthesized using 1.0 g of total RNA with ProtoScript II First Strand cDNA Synthesis Kit (NEB, E6560L) and random hexamers. Realtime quantitative PCR was performed using a GoTaq qPCR Master Mix (Promega, A6002) in a 96-well PCR plate in a Mastercycler realplex 2 thermocycler (Eppendorf). Primer sequences are listed in Table S2 . mRNA expression levels were analyzed by normalizing expression values to glyceraldehyde 3-phosphate dehydrogenase (Gapdh) expression. Mean ± SD of three independent experiments were calculated.
Immunofluorescence Staining of TA Sections
Sections were first fixed with 2% paraformaldehyde for 10 min, followed by permeabilization with 0.2% Triton X-100 in PBS for 5 min. The sections were treated with two blocking reagents: 3% Mouse-on-Mouse Blocking Reagent (Vector MKB-2213) in PBS for 1 hr and 5% FBS in PBS for 30 min. Mouse anti-embryonic myosin heavy chain (eMHC, Developmental Studies Hybridoma Bank, F1.652-f, 1:5 dilution) and rabbit anti-laminin (Sigma, L9393, 1:2000 dilution) antibodies were used as primary antibodies diluted in 5% FBS in PBS. After 1 hr incubation, sections were washed twice with 0.01% Triton-X100 in PBS. The secondary antibodies Alexa Fluor 488 goat anti-mouse IgG (H+L) (Thermo Fisher Scientific, A11029, 1:200 dilution) and Alexa Fluor 555 goat anti-rabbit IgG (H+L) (Thermo Fisher Scientific, A21429, 1:200 dilution) diluted in 5% FBS in PBS were used along with 5 gml Hoechst 33342 (Sigma, B2261) for 1 hr. Sections were mounted using Fluorescent Mounting Medium (DAKO, S302380-2). Fluorescence images were captured using Metamorph Basic software (Molecular Devices) and an ORCA-flash4.0LT camera (Hamamatsu) attached to an IX73 microscope (Olympus) with a 20X LUCPlan FL N lens. Images were processed with Photoshop and Illustrator CS6 (Adobe).
Hematoxylin Eosin (HE) Staining
Sections were first fixed using 2% formaldehyde for 5 min. Sections were then treated as follows: deionized water for 1 min, Harris Modified Hematoxylin (Thermo Fisher Scientific, SH26-500D) for 2 min, tap water for 1 min, deionized water for 1 min, Eosin-Y (Thermo Fisher Scientific, 22-220-104) for 5 min, 95% ethanol for 30 sec, 100% ethanol for 2 min twice, and xylene for 10 min twice. Sections were mounted using Permount (Thermo Fisher Scientific, SP15-100). Images were captured with cellSens Entry 1.11 software (Olympus) and a DP26 camera (Olympus) attached to the microscope described above.
Sirius Red Staining
The Sirius red solution was made as 1% Direct Red 80 in 1.3% picric acid. TA sections were fixed with acetone, prechilled at -20°C, for 10 min. The sections were then washed in deionized water for 1 min, stained with Sirius red for 15 min, and rinsed with 0.5% acetic acid for 1 min. The sections were subsequently washed with 100% ethanol for 2 min and twice with xylene for 10 min. Finally, the sections were mounted with Permount for taking images as described for HE staining. Quantifications were done using the entire section area with ImageJ (Shimizu- Motohashi et al., 2015) .
Immunoprecipitation
Whole cell extracts were prepared by resuspending 4x10 6 cells with 300 l lysis buffer (50 mM Tris-HCl pH8.0, 150 mM NaCl, 2 mM MgCl2, 1% NP40, 0.1 mM phenylmethylsulfonyl fluoride, 2 mM leupeptin, 1.5mM pepstatin A, and 150 u/ml benzonase). The extracts were incubated for 30 min at 25 o C with 5 l Dynabeads Protein G (Thermo Fisher Scientific, 10004D) that had been washed with 0.1% Tween 20 in PBS and then loaded with 3 g of anti-FLAG M2 monoclonal antibody (Sigma F1804) or normal mouse IgG (Santa Cruz Biotechnology, sc-2025). After incubation the beads were washed three times with 500 l of 0.1% Tween 20 in PBS. Bound proteins were eluted by incubation with 30 l of 100 g/ml 3X FLAG peptides (Sigma, F4799) in PBS with 0.1% Tween 20 for 10 min on ice. Elution was repeated three times in total and they were combined for mass spectrometry or western blotting.
Endogenous Cry1, Cry2, and Bclaf1 were immunoprecipitated with the antibodies described above. Coprecipitated proteins were eluted by incubating the beads in 30 l of 1X Laemmli buffer (50 mM Tris-HCl, pH6.8, 2% SDS, 10% glycerol, 0.005% bromophenol blue, and 25 mM dithiothreitol) at 95 o C for 5 min. Eluted proteins were applied to SDS-PAGE for western blotting.
Mass Spectrometry
Proteins eluted from Dynabeads Protein G were run into a Criterion 8-16% Tris-HCl gradient gel (Bio-Rad Laboratories, 3450038) for 25 min at 25 mA constant current. The gel was fixed with 40% ethanol and 10% acetic acid for 30 min and then stained with Imperial Protein Stain (Thermo Fisher Scientific, 24615). The stained protein regions were excised and in-gel trypsin digestion was performed (Shevchenko et al., 1996) . The dried peptide mixtures were solubilized in 2% acetonitrile and 0.1% trifluoroacetic acid in water and cleaned with the Stage Tip protocol (Rappsilber et al., 2003) and dried in vacuo.
Approximately 1.5 g of sample was injected for a mass spectrometry analysis. Spectra were acquired on an Orbitrap Fusion (Thermo Fisher Scientific) coupled to an Easy-nLC 1000 (Thermo Fisher Scientific) ultrahigh pressure liquid chromatography pump. Peptides were separated on an in-house packed 100 m internal diameter, 20 cm column containing ReproSil-Pur C18 resin (3m, 120 Å, Dr. Maisch GmbH, Germany). Liquid chromatography solvents employed were 0.1% formic acid in water (A) and 0.1% formic acid in acetonitrile (B) with a gradient consisting of 2 min of 2-8% B, 40 min of 8-30% B, 1 min of 30-90% B, 5 min of 90% B, 1 min of 90-2% B, and 5 min of 2% B with a flow rate of 330 nl/min.
Mass spectrometric data was acquired in top 8 data dependent mode. The MS1 spectra data was collected at a resolution of 60,000, with an automated gain control (AGC) target of 400,000 and a max injection time of 50 ms.
